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Abstract

Poblano chili (Capsicum annuum L.) is a widely consumed variety in our country, but there are
several problems that affect its cultivation and production. Considering the above, the objective of
this research was to elaborate and compare the effect of two biofertilizers with rhizobacteria on the
growth of Poblano chili seedlings. The research was conducted at the Postgraduate College,
Montecillo Campus in the years 2015-2016. The work was carried out in three stages: 1) selection
of culture media and growth dynamics of four strains of rhizobacteria; 2) elaboration of two
bioformulations using alginate and peat pearls as carriers; also, the viability of the rhizobacteria
was evaluated for five months; and 3) evaluation of the effect of bioformulations in promoting the
growth of Poblano chili seedlings. Serratia strains showed the highest growth in the TBS culture
medium, while Pseudomonas strains had high growth in Luria-Bertani broth. The stationary phase
of the Pseudomonas strains was reached between 24-48 h and that of the Serratia strains between
12-44 h. The shelf life of the two formulations was maintained from 1 x 102 to 1 x 10° CFU for
five months. The application of alginate beads in the seedlings stimulated seedling growth up to
35% with respect to the control. The application of biofertilizers based on alginate and peat pearls
is a good option to promote the growth of chili seedlings.

Keywords: Capsicum annuum, biotechnology, inoculants.

Reception date: August 2019
Acceptance date: October 2019

1733


mailto:jalmaraz@hotmail.com

Rev. Mex. Cienc. Agric. vol. 10 num.8 November 12 - December 31, 2019

Introduction

The demand for the use of biological inputs in agriculture has increased, due to the need to reduce
environmental pollution and produce healthy and safe food. An alternative is the use of microbial
biofertilizers as a means to increase yield, improve crop profitability, reduce the impact of
agrochemicals on the environment and decrease the presence of contaminants in the food we eat
(Soria et al., 2001; Dinesh et al., 2010).

In our country, the production of chili has declined in recent years due to several problems, among
which are the poor quality of seedlings that are transplanted in the field (Huerta et al., 2007). In the
case of the cultivation of Poblano chili in Mexico, there are few studies on the use of plant growth
promoting rhizobacteria in the greenhouse or field. At the seedbed level, rhizobacterial inoculation
can be used to obtain seedlings with greater growth, better health and nutrition that allow them to
establish a rapid transplant in the field (Vessey, 2003).

The production of an inoculant begins with the isolation of rhizobacterial strains from the
rhizosphere in specific media, followed by the selection of the best growth promoting strains
in laboratory, greenhouse and field tests (Bhattacharyya and Jhan, 2012). The use of an
appropriate methodology is what makes it possible to obtain an optimal microbial culture,
either for the production of bacterial cells or their metabolites (G6mez and Batista, 2006). For
which the selection of economic culture media is of vital importance in the production of
bioinoculants.

However, the scaling processes of a biofertilizer can increase production costs due to the type of
formulation and the culture media used for the multiplication of bacteria (Herrmann and Lesueur,
2013). Among the processes for the elaboration of a microbial inoculant, the choice of the carrier
is of the utmost importance. The support (carrier) is the main portion of the inoculant. The materials
of which the support is composed and the type of formulation vary from liquid, suspension, powder,
granular and gels.

The support has the function of preventing the loss of viability of microorganisms and having
the ability to provide the correct number of viable cells in good physiological conditions at the
time of release in the greenhouse or field (Bashan et al., 2014; Maheshwari et al., 2015). The
raw materials used in most carriers are substrates of organic or inorganic origin, for example
peat, grass, talc, lignite, vermiculite, etc. (Albareda et al., 2008; Ardakani et al., 2010;
Angayarkanni et al., 2014).

Another viable option is the use of alginate beads as carriers. The encapsulates are not toxic, they
easily degrade in the soil, the release of the bacteria is slow and their shelf life can be over 14 years
(Lebsky et al., 2001; Bashan et al., 2002; Yubur et al., 2007). Therefore, the main objective of this
research was to develop two biofertilizers based on rhizobacteria (Serratia and Pseudomonas)
using moist alginate pearls and peat as a carrier to stimulate the growth of Poblano chili seedlings.
The hypothesis was that alginate pearls increase the survival of rhizobacteria resulting in greater
effectiveness in seedlings of Poblano chili.
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Materials and methods

The experiment was carried out in the laboratory and greenhouse of the Area of Soil Microbiology,
of the Edaphology Program of the Postgraduate College, Montecillo Campus, in the period from
April 2015 to October 2016. Four strains of rhizobacteria were used: Serratia liquefaciens
CPACS3, Serratia plymuthica CPPC55, Pseudomonas tolaasii P61 and Pseudomonas yamanorum
OLsSf5 from the microbial collection of the Soil Microbiology Laboratory. These strains were
isolated from different hosts and are characterized as promoters of plant growth of chili crops
(Gonzalez et al., 2017; Angulo-Castro et al., 2018).

Stage 1: selection of the culture medium and growth dynamics of each bacterial group

The means were used: nutritive broth (CN) and Luria-Bertani broth (LB) for the four strains of
rhizobacteria and a specific medium for each bacterial genus; King B broth (CK) for
Pseudomonas and tryptone soy broth (TBS) for Serratia. Glass flasks with a capacity of 250
mL were used, to which a volume of 150 mL of each medium was placed. Roast was taken
from the strain and placed in each of the bottles under aseptic conditions in a laminar flow
hood.

The bottles were incubated on a Thermo Scientific™ MaxQ™ 40000® orbital shaker at 180
rpm and a temperature of 28 °C. Bacterial growth was quantified by optical density, using a
Bio Tek model Synergy 2® spectrophotometer at a wavelength of 600 nm. For this, 200 pL
aliquots were taken in triplicate of each of the bacterial cultures, deposited in each of the wells
of a microplate (Costar® 3596, Corning Incorporated, NY) and its optical density was
measured; the samples were taken at 24, 48 and 72 h of incubation. An experiment was
established for each genus of bacteria (Pseudomonas or Serratia), where growth was evaluated
in three culture media, this in a completely randomized experimental design with 9 repetitions
per treatment.

A statistical analysis was performed, using the SAS package for Windows (SAS Institute Inc.
2002), where the study variable was optical density. Analysis of variance and comparison test
of means by Tukey (a= 0.05) were made. Once the culture medium was selected for each
bacterial genus, the next step was to know the growth dynamics of each of the four strains of
rhizobacteria. For the Serratia genus the TBS medium was used and for the Pseudonomas
genus the LB medium. The methodology used for this phase was similar to that used for the
selection of culture media.

The strains were inoculated in the media and the optical density was measured every four hours for
48 hours and finally one last reading at 72 hours, giving a total of 14 readings. The experiment was
established using a completely randomized experimental design. The treatments were the 4 strains
of rhizobacteria with 9 repetitions. The 2 strains of Serratia were grown in TBS medium and the 2
strains of Pseudomonas in LB medium. The measured variable was the optical density. The data
obtained were analyzed using the SAS statistical package for Windows (SAS Institute Inc. 2002),
performing an analysis of variance and Tukey test (= 0.05).
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Stage 2: elaboration of biofertilizers and survival of rhizobacteria

The methodology used to make the pearls was the one proposed by Bashan (1986), with some
modifications. The same culture media indicated above were used to prepare the inoculum of the
rhizobacterial strains. To bottles with 750 mL of broth 2% sodium alginate was added and
sterilized at 18 Ib for 18 min. Three roasts of the bacterial strain were inoculated into the jars and
incubated on a Thermo Scientific™ MaxQ™ 40000® orbital shaker at 180 rpm, at a temperature
of 28 °C for 48 h.

The pearls were made using a peristaltic pump (Whatson-Marlow 120U/DV®), for which one end
of the pump hose was placed inside the bottle containing the liquid culture medium and pumped at
72 rpm, the other end of the hose was placed on top of a 2 L beaker containing 1.5 L ofa 0.1 M
solution of calcium chloride (CaCl,), under constant stirring on a stir plate (Corning PC-420%)
where they were going depositing the drops that would subsequently form the pearls, for which
they were left in the solution under stirring for a period of three hours.

After that time the beads were rinsed three times with a saline solution (0.85% NaCl) and placed
in a strainer to remove excess moisture. The whole process of pearl elaboration was carried out in
a laminar flow hood. Finally, the pearls were placed in sterile ziploc bags and kept refrigerated at
4 °C. In the case of peat biofertilizer, it was neutralized with calcium carbonate and a pinch of
activated carbon in order to adsorb any toxic that could be released. The peat was sterilized in an
autoclave at 18 Ib, at intervals of three hours for three days.

After the sterilization time was placed in a drying oven (FELISA, model 242-A®) at a temperature
of 72 °C for 48 h. Once the peat was sterile and dried, 1 kg was placed in a disinfected plastic bag
and approximately 100 mL of inoculum was added with a concentration of 109 CFU mL™. The
mixture was perfectly homogenized, without moisture saturation. Once the peat was impregnated,
the bag was sealed and incubated at 28 °C for 15 days (Ferrera-Cerrato et al., 1993).

After the incubation time, 100 g of the biofertilizer were placed in metallic polypropylene bags
and sealed under vacuum with a sealer (Food Saber 3800® series) and stored under refrigeration
at 4 °C.

The shelf life (survival) of the bacteria in the alginate beads and in the peat was evaluated once a
month, for a period of five months. To quantify the bacterial load, the plate dilution and counting
technique was used, in the case of alginate beads 1 g of them was placed in a dilution tube
containing 9 mL (10 dilution) of a phosphate Buffer solution (solution A (NaH2PO4) + solution
B (NaPOs) at 0.1 M with pH 6) and allowed to stir for 24 h in order to dissolve the beads
completely.

With respect to the peat biofertilizer, 1 g of this was weighed and placed in a dilution tube
containing 9 mL of sterile distilled water (10 dilution), the tube was stirred for 40 min. In both
cases, 100 pL of the suspension was taken and added to a tube containing 900 uL of sterile distilled
water (dilution 10-2), the tube was agitated and from this dilution successive dilutions were made
up to 10°. A 100 pL aliquot of dilutions 107, 10 and 10° was taken and placed in the center of
the Petri dishes with nutritive agar plates were raked with a glass rod and incubated at 28 °C for 48
h. This procedure was performed in triplicate.
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The experiment was established using a completely randomized experimental design. The
treatments were four strains of rhizobacteria (CPAC53, CPPC55, P61 and OLsSf5) with three
repetitions, both for the alginate beads and for the peat formulation, giving a total of 12
experimental units for each formulation. The variable evaluated was the survival of the bacteria in
the two formulations. The CFU count was expressed in logarithmic units. The data obtained were
analyzed using the SAS statistical package for Windows (SAS Institute Inc. 2002) and an analysis
of variance and Tukey test (a= 0.05) was performed.

Stage 3: Establishment of the greenhouse test

A substrate containing agrolite, peat moss and vermiculite was used in a 1:1:1 ratio.
Polypropylene containers with 30 cavities were used. For the biofertilizer of alginate beads, the
containers were covered at half capacity with the substrate. 10 g of pearls were used per 100 g of
substrate, which corresponded to placing 0.33 g per cavity of the seedbed, after placing the pearls
the containers were filled entirely with substrate. In the case of peat biofertilizer, 10 g of the
bioformulation was mixed with every 100 g of substrate. The two formulations contained a
concentration of 109 CFU g.

Seeds of a creole variety of Poblano chili from the Sierra Nevada region were used, specifically
from the municipality of San Matias Tlalancaleca, Puebla. The seeds were provided by Mr.
Leopoldo Ramirez Morales, who has practiced a selection process on his variety during the last 20
years. The variety is representative of the region given that Mr. Ramirez, supplies seedlings to the
vast majority of producers in that area. The cycle of the variety from the seedling to the last harvest
is approximately seven months.

The seeds were disinfected with a 1% sodium hypochlorite solution for five min and
subsequently rinsed with sterile distilled water five times. Two seeds were placed for each
cavity of the seedbed. The seedlings were watered with distilled water every three days and
once a week 10% Steiner’s nutrient solution (Ca (NO3) 0.106 g, KNO3 0.0312, K>SO4 0.0492
g, KH2P040.013 and micronutrient mix 0.017 per liter) was applied, to all treatments including
the control.

After 60 days the seedlings were harvested and the agronomic variables were evaluated: 1) number
of leaves in each seedling; 2) seedling height; 3) the leaf area was determined with a Li-cor® model
LI-3100C meter; and 4) dry biomass, where the plant material was dried in a FELISA oven, model
242-A® for 48 h at 70 °C and weighed on a Sartorius analytical balance, Analytic Ac 2105® model.
An analysis of the nutrient content was also carried out: phosphorus (P) and potassium (K) were
determined using an optical emission spectrophotometer with inductive coupling plasma brand
Varian model 725-ES® and the nitrogen content (N) was determined by digestion wet by the
method of Kjeldahl (Bremner, 1996).

The treatments used were 4 strains of rhizobacteria in 2 bioformulations (alginate and peat beads);
a control was included without inoculation, all treatments had 15 repetitions and the experimental
design used was randomized blocks. The data obtained from all the variables studied (number of
leaves, height, biomass, leaf area, N, P, K) were analyzed using the SAS statistical package for
Windows (SAS Institute Inc. 2002), performing an analysis of variance and test of comparison of
means by Tukey (a= 0.05).
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Results and discussion
Selection of the culture medium and growth dynamics

Regarding the growth of rhizobacteria in the different culture media, significant differences
(p<0.01) were found in both bacterial genera. The strains of the genus Pseudomonas presented
the highest growth in the LB broth with 1.3 units of optical density, while the strains of the
Serratia genus in TBS broth with a growth of 1.4 units of optical density at 72 h respectively
(Figure 1la and 1b).

Strains of the genus Pseudomonas Strains of the genus Serratia
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Figure 1. Selection of liquid culture media (a and b). The bars represent the average of nine repetitions
and the different letters indicate significant differences. CN= nutrient broth; TBS=
Tryptone Broth Soy; LB= Luria Bertani broth and CK= King B broth; and growth
dynamics of the strains in the selected media (c and d). The optical density technique
measured at 600 nm (OD) was used for both methods. Tukey (a= 0 .05).

The growth dynamics of the two strains of Pseudomonas were evaluated in the LB medium, which

was the best for this bacterial genus. It was observed that the growth increased from a value of 0.3
units at 4 h to a value of 1 unit of optical density at 8 h, this period is known as an exponential
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phase, since it reaches the maximum speed of increase. After the above, a pre-stationary phase was
observed between 8 and 24 h of culture, which is a growth retardation phase, reaching a value of
1.5 units of optical density.

The stationary phase was presented in the period from 24 to 48 h, in this period there was no
growth, and after this time the growth decreased (Figure 1c). In the case of the strains of the genus
Serratia, the culture medium used was the TBS broth. An exponential growth phase was observed
in the period of 0 and 8 h with 0.8 optical density units, followed by the pre-stationary phase
between 8 and 12 h with a reached value of 1.2 optical density units, while the phase stationary
occurred between 12 noon and 44 h with an average value of 1.3.

Units of optical density in strain CPPC55 and 1.6 units of optical density in strain CPAC53 and
finally after 48 h cell death occurred (Figure 1d). Pseudomonas and Serratia are two highly
versatile bacteria genus in the use of substrates as a carbon source and do not require vitamins,
which largely explains their viability in a variety of culture media (Holt et al., 1994). The Serratia
genus does not require many growth factors; it can grow at temperatures between 10-36 °C, with a
pH of 5-9 and in the presence of NaCl (Grimont and Grimont, 1978).

In this work it was observed that the four strains of rhizobacteria grow well in the three culture
media used, although the two strains of the Pseudomonas genus reached their highest growth in
LB broth, and the two strains of the Serratia genus in TBS broth (Figure 1). This indicates that the
rhizobacteria used are not demanding in their nutritional requirements, as indicated by the
aforementioned authors.

The TBS medium has been used for the propagation of strains of the Serratia genus in several
investigations, among its components are casein peptone, soy peptone, NaCl, KH2PO4 and
glucose, which favors the development of bacteria. For example, Czajkowski et al. (2012) used
this medium in the propagation of a strain of Serratia plymuthica to use as a soft rot controller
in potato crops.

With respect to the two strains of the Pseudomonas genus, the highest growth was obtained in LB
broth. This medium is mainly composed of tryptone, yeast extract and NaCl, it is one of the most
used for the cultivation of bacterial species, because it is rich in nutrients and is easy to prepare
(Garboza et al., 2011). The nutrient broth is one of the most widely used culture media for the
activation and spread of different bacterial genus. However, of the three-culture media used in this
study, the nutrient broth proved inefficient for the growth of the strains of the Serratia and
Pseudomonas genus (Figure 1).

The selection of a culture medium must guarantee increases in the yields of fermentation processes
quickly and economically (Gomez and Batista 2006). The economic cost of each of the reagents to
be used is a point to consider. Costs in the multiplication of rhizobacteria can be reduced by
replacing reactive grade inputs of the reference medium with alternative nutritional sources such
as agroindustrial wastes (Rivera and Botia, 2008) and plant extracts (Khalil et al., 2016), which
can help reduce costs.
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Survival of rhizobacteria in biofertilizers

The storage time of the pearls was for 150 days. The four strains showed significant differences
(p< 0.01) in survival during storage in the two formulations. The initial bacterial load of the four
strains in the alginate beads was around 12 Logio CFU gt and the population of almost all remained
almost unchanged throughout the five months of storage, except for the CPAC53 strain that had a
slight fall with a value of 11.4 Logio CFU g

With respect to the biofertilizer based on peat, the two strains of Serratia had an initial load greater
than 12 Logio CFU g and the Pseudomonas strains had an initial load of about 11 Logio CFU g*.
In this bioformulation the fall of the population of the four strains after five months of storage was
higher than in the alginate beads, reaching values between 10.1 to 9 Logio CFU g, where the
OLsSf5 strain was the one that presented the smaller population. In general, survival was higher in
alginate beads than in peat (Figure 2).
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Figure 2. Evaluation of the shelf life of the rhizobacteria in the two biofertilizers (peat and alginate
beads) kept refrigerated for five months. The bars represent the average of 15 repetitions. The
different letters indicate significant statistical difference. Tukey (a= 0 .05).

Alginate is the polymer with the greatest potential for encapsulation of bacteria because the
polymer chain of mannuronic and guluronic acids can be linked by calcium ions to form the gels.
This conformation determines alginate properties such as solubility, viscosity and the ability to
exchange ions with divalent metals (Yabur et al., 2007; De-Bashan and Bashan, 2008). Alginate
beads are easy to biodegrade and harmless; In addition, due to their properties, they allow high
survival and a gradual release of Azospirillum bacteria in the field (Bashan, 1998; De-Bashan et
al., 2007).

In the present study, the greatest survival of bacteria was achieved with alginate beads. The
characteristics of the strains are one of the attributes that must be considered to choose the carrier
since not all microorganisms are suitable for encapsulation. The use of wet alginate beads is not
reported in other studies, so this research could open the pattern to consider this formulation as a
good alternative in the production of biofertilizers using rhizobacteria of the Pseudomonas and
Serratia genus.
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Although Azospirillum is one of the most studied and used bacteria in bioformulations (Fuentes-
Ramirez and Caballero-Mellado, 2005), there are also other bacteria that have been used. For
example, lvanova et al. (2005) observed that P. corrugata is more sensitive to storage than
Azospirillum, in alginate pearls its bacterial load decreased to 10° after six months in storage.
Instead, Azospirillum maintained a load of up to 108 CFU. This same behavior was observed by
Trivedi et al. (2005) with the strain Bacillus subtilis.

Peat is an ideal carrier, which provides nutrients to microorganisms and has a large specific
surface area, as well as a high moisture retention and damping capacity, which provides
microorganisms with protection from adverse environmental conditions in the field (De-Bashan
et al., 2007). Apart from the peat, there are several materials that can be used as supports in the
formulations, among these are: bagasse, manure, compost, coconut powder, vermicompost, rice
bran, perlite, rock phosphate, coal, lignite, bentonite, talc and clays (Albareda et al., 2008;
Ardakani et al., 2010; Bashan et al., 2014). Of the four strains of rhizobacteria used in this
investigation, S. plymuthica CPPC55 was the one that presented the highest viability value during
the storage period.

Effect of biofertilizers in Poblano chili seedlings

There were significant statistical differences (p< 0.01) between the strains of the two biofertilizers
for the agronomic variables evaluated. It was observed that all treatments were superior to the
control. With respect to the leaf area, the highest values were obtained with the CPAC53 and
OLsSf5 strains in wet alginate beads with values between 18.3 and 18.2 cm?, while the lowest
values were recorded in the OLsSf5 strain with 12.8 cm? in peat and the control with 12.6 cm?. The
highest number of average leaves was presented with strain CPAC53 in alginate beads and the
lowest number was obtained in the control.

The highest height value of the seedlings was presented with the CPAC53, CPPC55 and
OLsSf5 strains in wet alginate beads with an average of 13.3 cm, and the lowest was in the
control with 10.4 cm. The highest dry biomass was presented with the CPAC53, P61 and
OLsSf5 strains in wet alginate beads with values between 151.3 and 155.3 mg. The control had
a dry biomass of only 91 mg (Table 1). With respect to nutrients, the highest phosphorus value
was presented with the strain OLsST5 in alginate beads with 2.4 pug and the lowest in the control
with 1.7 pg.

Table 1. Agronomic variables evaluated in the Poblano chili seedlings in the two biofertilizers.

Foliar area Number  Height Biomass
(cm?  of leaves  (cm) (mg)

Control  Sf/inoculate 12.6+0.5. 5.7+0.2. 10.4+0.44 91.0+2.9. 1.7+0.06. 14.9+0.6. 6.7+0.044
Peat CPAC53 17.240.6a 6.7+0.2ap 12.7+0.2a 131.1+4.94 1.940.06c¢ 18.6+0.6p 7.5+0.4cq
CPPC55 16.5+0.54 6.5+0.1apc 12.3+0.3apc 121.5+4, 2.1+0.05pc 19.6+0.4ap 8.1+0.06n

P61 15.6+0.5p 5.8+0.2yc 10.9+0.4cq 129.146.9a 2.2+0.04pc 18.1+0.4p 8.1+0.3pc

OLsSf5  12.8+0.6c 5.8+0.2,c 11.0+0.4c¢ 101.9£3.9p 1.9+0.1¢ 16.1+0.7. 7.3+0.3¢

Treatments  Strain P (ug) K(g)  N(ug)
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Foliar area Number  Height Biomass
(cm?)  of leaves  (cm) (mg) P (1g) K (1o) N (ko)

Pearls  CPAC53 18.3%0.6, 7.2+0.24, 13.3+0.3, 1553%6.5, 2.2+0.06 21.0+0.7, 8.7+0.2x
oM oppes5  17.440.44 6.7+0.1 13.3+0.3, 128.4%6.34 2.140.02 18.140.4, 7.2+0.064

Treatments  Strain

alginate
P61 16.840.54 6.6+0.1apc 11.440.4pc¢ 154.848: 2.1+0.1pcd 18.5+0.8, 8.7+0.4a
OLsSf5  18.2+0.5, 6.5+0.1apc 13.3+0.2, 151.3+11.3, 2.4+0.05, 21.1+0.6. 9.2+0.2,
CV (%) 13.7 13.2 10.3 19.7 8.2 7.7 7.6

The data represent the mean + standard deviation n=15. Different letters within the same column represent significant
differences, Tukey (0=0.05); CV= coefficient of variation.

The highest potassium values were presented with the CPAC53 and OLsSf5 strains in alginate
beads with an average of 21 and the lowest in the control with 14.9 pg. Finally, the highest nitrogen
value was presented in the seedlings treated with the OLsSf5 strain in alginate beads with 9.2 ug
and the lowest with the CPPC 55 strain in the same formulation with 7.2 pg, and the control with
6.7 ug (Table 1). The Poblano chili seedlings presented a response similar to inoculation with the
BPCV strains in both formulations, except for the OLsSf5 strain that presented its greatest effect
on the seedlings when applied in alginate beads.

In general, a tendency for a slightly higher effect on seedlings was found when the alginate pearl
formulation was used compared to the use of peat. In the agricultural field, polymers are widely
used for different purposes, for example, to make the application of pesticides more efficient in the
control of crop pathogens and as bioremediators of contaminated soils (Puoci et al., 2008). In the
case of biofertilizers in agriculture, the use of alginate beads is an option for the gradual delivery
of microorganisms to plant roots (Bashan et al., 2014).

In our case, the alginate pearl formulation was used in Poblano chili seedlings, showing that it is
equally effective that the peat formulation, with the advantage that protects the bacteria and
gradually releases them. In Poblano chili there are few studies on the quality of seedlings.
Obtaining healthy and vigorous plants in seedlings is vital so that they can be established in the
field after transplantation, which can be achieved with proper handling of the substrate, fertilization
and seed health (Garcia et al., 2011).

The combination of management practices in seedlings and the use of bioformulations can lead to
success in the establishment of plants in the field. However, the use of inoculants is not included
in the management practices of Poblano chili (Huerta et al., 2007). The use of these in seedlings
can reduce crop costs, combat phytopathogenic damage and increase seedling vigor.

The use of biofertilizers is not current, but in the case of the cultivation of Poblano chili, there
are no specific biofertilizers in the market for this crop to promote growth and health.

The wet and peat alginate formulations used significantly promoted the growth of Poblano chili
seedlings at the seedling level. These formulations may be an option in the production of healthy
and vigorous chili seedlings for transplantation. In the case of alginate beads, they slowly release
bacteria into the soil, which can provide an advantage over peat when applied to crops.
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Conclusions

Serratia strains had the highest growth in TBS broth and Pseudomonas strains in LB broth. Of the
two formulations, wet alginate beads maintained the highest population for five months. The
formulations that had the greatest effect on Poblano chili were from S. liquefaciens CPAC53, P.
tolaasii P61 and P. yamanorum OLsSf5 strains in wet alginate beads or peat. Bioformulations
stimulated seedling growth up to 35% with respect to the control in seedling. Both bioformulations
can be used to increase the growth of Poblano chili seedlings (Capsicum annuum L.) and optimize
nutrient application.
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